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CHAPTER I 
PREPARATION FOR TEACHING THE UNIT 
The nature of the oroblem. It is the aim of the 
author to organize a group of material s in such a manner 
so that it will utilize and put to practice the principles 
and procedures which have been set forth in the book, 
Fundamentals of secondary School Teaching, by Dr. Roy o. 
Billett. This method is called the Unit Method, and thtt 
materials selected have been entitled; The Value of Fuel 
in the Community. Although this particular paper has been 
adapted for grade six, it is hoped that it will serve, along 
with other similar units, as an aid and as ·a basis by 
inexperienced as well as experienced teachers .for in-service 
discussions which will eventually lead to the realization of 
the flexibility of the unit with particular emphasis on 
individual pupil needs. 
Justification of sub.lect selected. The basis for 
progressive education lies in the fact that education means 
growth, which in turn implies meaningful experience and 
action by the child. 1 Hence, the more meaningful activities 
a child experiences, the more he grows and the more he 
1 
John Dewey, Democracy and Education. New York: 
The Macmillan Company, I933, p. 5o. 
learns. Thus we have a logical sound basis for the activity 
or unit method. In teaching science, this method is of the 
utmost value since it affords a wonderful opportunity to 
1 -develop skill in scientific thinking which is a cardinal 
method in solving problems that present themselves in our 
--------, 
everyday living. This scientific method of thinking is 
2 
merely a logical order of steps by which you arrive at a 
reasonable answer to some specific problem. First, the 
problem must be stated in precise terms. Then, hypotheses 
are formulated and evidence is gathered. in various ways 
including experimentation with and without a variable 
factor. Then the conclusions are drawn and checked. 
Fuel in the community is undoubtedly one of the most 
important factors in one's environment. Yet the average 
student has not learned to appreciate its vital role. The 
student is apt to be more interested in things that are a 
part of his everyday life. 3 To meet this interest, this 
particular subject was selected to acquaint the student with 
1 
William H. Burton, The Supervision of Elementary 
Subjects. New York: D. Appleton and Company, 1929, p. 511. 
2Glenn o. Blough, Paul E. Blackwood, Teaching Elemen-
tary Science. Suggestions for Classroom Teachers. 
Washington: United States Government Printing Office, 1948, 
p. 4. 
3 
Gerald s. Craig, Science for the Elementary School 
Teacher. New York: Ginn and Company, 1947, p. 5. 
3 
the realization that without fuel much of his environment 
and his everyday living would be impossible. 
In this method of teaching , the teacher's goal in any 
1 
subject should be a specific recognizable advance which is 
to be accomplished by the student in the form of a concept, 
skill, or appreciation so that he may be able to watch his 
own educational growth and gain. 
Since fuel plays a varied role in the community; the 
principles and applications which involve the uses of fuels 
whether it be home heating , industry, the human need, or in 
the role of transportation, can be found in many of the 
recent elementary and secondary science texts which can be 
used for reference and guidance. The experiences provided 
by this particular unit should enhance the pupils' under-
standing and ap preciation of the value of fuels which he 
had previous·ly taken for granted. 
The task of constructing a unit of this type is 
primarily one foT the individual teacher with suggestions 
by t .he pupils in the cla as. The unit designed should not 
require an excessively long time to teach and which can be 
1 Roy o. Billett, Fundamentals of Secondar* School 
Teaching. Boston: Houghton Mifflin Company, 19 0, p. !39. 
inserted into a program with little confusion but with a 
1 
maximum amount of usable content matter. 
The pupils. This unit has been constructed for use 
1n any regular sixth grade class where the pupils number 
from twenty-five to thirty or less. It may be used to a 
slightly lesser degree of success 1n a class of more than 
thirty pupils because of the limited number of optional 
related activities listed in chapter two. 
On the following page a table appears which provides 
space for tabulating necessary information in regard to the 
pupils' academic background. This information may be 
obtained from their individual records. The students ar8 
listed alphabetically according to the letters in the 
alphabet. In other words, the first name on the list will 
be symbolized by the letter "A". In the case where there 
are more than twenty-six pupils, double l etters such as 
"AA" are used. To supplement this information, a 
questionnaire is distributed to t he students which is to 
be answer ed and returned to the teacher for table . tabula-
tion. This questionnaire will supply the teacher with the 
student's ' own consideration of his subject preferences, his 
interests and hobbies, his parents• hobbies, his outside 
1 National Society for the Study of Education. Thirty 
first Yearbook. Part I. A Program for Teaching Science. 
Bloomington, Illinois: Public School Publishing Company, 
1932, p. 255. 
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TABLE I 
PUPILS' MENTAL ABILITIES AND OTHER TEST RESULTS 
CHRONO_ ORAL .SILENT .. CO .I\fl .t'tt~ :H ~·"I BION 
r~~~· L- ... PUPIL LOGICAL I. Q. READING READING IN AGE GRADE GRADE READING 
I 
A 
B 
c 
D I 
E 
F 
G 
H : 
I 
J 
K I 
L 
M I 
N I 
0 
p 
Q 
I 
R I 
s ! 
T 
u I 
v I I 
w 
X 
y 
z 
AA I 
BB 
co I 
DD 
.. 
I 
-
----
5 
activities, etc. This information enables the teacher to 
achieve a broader understanding of the individual. It also 
serves as a clue in providing other activities for the 
consider ation and adapting f'or individual differences. Once 
again, it serves to utilize all sources of direct experi-
ences. In the case of a parent excelling in a hobby or 
livelihood which has a direct bearing on any phase of this 
unit, he or she may be invited to speak to the class. The 
class will not only gain first hand inf·ormation, but it will 
also be sharing an interesting experience with the expert. 
QUESTIONNAIRE FOR PUPIL INFORMATION 
1. Name 
2. Age 
3· Birthplace of Parents 
a) Mother 
b) Father 
4. Number of children in family 
5. Hobbies of Parents 
a) Mother 
b) Father 
6. What subject do you like best? 
7. · Do you have any hobbies or interests? Name them. 
8. Yvhat. outside activities do you take part in or to what 
clubs do you belong? 
7 
Equipment and supplies. In order to achieve success 
with this unit, it would seem that expensive equipment might. 
be nec e ssary. This is not the case. This unit may be 
carried out with a high degre e of s uccess with only basic 
equipment. An ordinary classroom with blackboards and 
either movable or stationery desks and chairs will do. A 
book case or orange crates and tables should be obtained 
for reference mat erials, exhibits and to set up a small 
laboratory in one corner of the room to carry out the 
experiments. Free ref erence mat erials and visual aids 
may be obtained from organizations listed in chapter three. 
Texts and readers may be obtained from libraries and from 
teachers in yo ur school or other schools. Simple basic 
equi pment for t.he laboratory may be obtained from the 
t eacher's home or the homes of the students, or from t h e 
high school science department. Complicated expensive 
apparatus has no value in the elementary grades since it 
likel;y to be confusins and to draw attention to it self 
1 
rather than to the problem at hand. 
----- --
1 Glenn 0. Blough, Paul E. Blackwood, Teaching 
Elementar;y Science: Suggestions for Classroom Teachers. 
washington: United Stat e s Government Printing Of f ice, 
1948' p. 11. 
is 
8 
TABLE 2 
PUPIL BACKGROUND INFOR!~TION 
-
BIRTHPLACE OF NO. OF HOBBIES OF PARENTS 
I PUPIL AGE PARENTS CHILD-
MU'l'H.I!;.R I~'A'l'HER REN MU'l'H.I!;.R F'ATH.ER I 
I 
A 
B 
0 
D 
E 
F 
G 
H 
I 
J 
K 
L 
M 
N 
0 
p 
Q 
R 
s 
T 
. 
u 
v 
w 
X 
y 
z 
AA 
BB 
co 
DD 
-
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TABLE 3 
PUPIL SUBJECT PREFERENCE AND HOBBIES OR INTERESTS 
;I?UPIL ·SUBJECT PREFERENCE HOBBIES,INTERESTS OUTSIDE ACTIVITIES 
A 
B 
c 
D 
E 
F 
G 
H 
I 
J 
K 
L 
M 
N 
0 
p 
Q 
R 
s 
T 
u 
v 
w 
X 
y 
z 
AA 
BB 
cc 
DD 
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The pre-test. The pre-test and the final test are 
one and the same with only the order of the questions being 
changed. It is a new type objective test including true and 
false questions, matching type statement; fill in the blank 
questions with one word answers, and questions with multiple 
choioe answers. It should be stated to the class that the 
results of this first test will not be considered directly 
in the final mark. After the final test is given, the 
results of it are then compared with the results of the 
pre- test so that the educational growth and gain can be 
determined. This procedure will be explained in detail in 
chapter three. 
1 
Combining and sharing experiences. In this phase, 
the children find out what their classmates are doing or 
contributing to the overall picture. They relate their 
experiences, after they complete their activities, to the 
other members of the class. This can be done in the form of 
oral or written reports, demonstrations, exhibitions, debate 
dramatic sketches, etc. These activities are best presented 
if programmed in a preceding laboratory period. By the 
termination of the unit, every student will have had a 
chance to share his experiences with his classmates. It is 
1 Roy 0. Billett., Fundamentals of Secondar* School 
Teachins. Boston: Houghton Mifflin Company, 19 o, p. 602. 
, 
11 
in this phase where the teacher contributes important 
information regarding the unit which was omitted by the 
pupils in their reports or demonstrations. 
This sharing of experiences actually starts at the 
outset of t he unit. The children are called upon for their 
immediat e interests and suggestions. A committee is formed 
to collect the suggestions and to put them in the form of 
activities which are then added to the list of optional 
relat ed activities if they are not already listed. 
Definitions of Terms Used in Regard to Unit Method. 
The unit. The unit is expressed in a f ew declarative 
sent enc e s by the t eacher and is for the private use of the 
teacher. It represents a word panorama of the "teacher's 
goal stated in t erms of a desirable change to be made in the 
1 
pupil in concept · or skill" and, hence, the resulting 
ap preciations. 
2 The delimitation of the unit. Like the unit, the 
delimit ations are expressed in complete declarative 
sentences which form the basis of the lesser learning 
products. These specific knowledges appear in some definite 
order and it, too, is for the private use of the teacher. 
It is recommended that the learning procedure does not 
l 
Roy 0. Billett, Fundamentals of secondar! School 
Boston: Houghton Mi f flin Company, 1940, p. 505 • .;;...;;..==~ 
• 
follow this out line since the children are encouraged and 
permitted to advance at their own learning rate. 
Incidental and indirec~ learning product s. 1 Ths 
incidental learning products are the accidental extrinsic 
values derived by the student while participating in this 
type of unit work. The indirect products appear in the form 
of habits, attitudes, and skills contributed by the unit 
through its various individual and group activities. 
The unit assignment. 2 This phase is a flexible 
general plan of act ion devised in advance by the teacher. 
However, as the unit work proceeds, it mi ght beco me 
necessary for the teacher to change the assignment somewhat 
to conform with the immediate individual needs. The assign-
ment may be broadened with current activities pertaining to 
the unit topic. 
3 Stud;y and activit;y guide. This is a typewritten or 
mimeographed guide which is given to each and ev ery 
individua l. It is a study guide in the form of questions 
or statements complete with bibliography and directions for 
proper use in doing reference work. Every student will 
engage in every activit y listed in some way and to some 
extent. 
1 Roy 0. Billett, Fundamentals of Secondar* School 
Teaching. Boston: Houghton Mifflin Company, l9 0, p. 506. 
2Ibid. p. 506. 
3 
• 508. 
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1 
Optional Related Activities. These activities are 
provided to enhance the educational growth of the students. 
None of these activities are compulsory. Each pupil selects 
the one which he or she wants to do with the approval and 
under the supervision of the teacher. Each activity is a 
project related to the main learning product which is the 
unit. They are devised to provide for the individual needs 
and interests. 
1 
Roy 0. Billett, Fundamentals of Secondar! School 
Teachin5_. Boston: Houghton Mifflin Company, 19 0, 
p. 507. 
CHAPTER II 
General statement of the unit. The fuels of our land 
are of more value today than they have ever been. They are 
the foundation of our whole system of industry and trans-
portation. Fuels and oils furnish the power to run the 
human body as well as the machines of the industries. We 
must l earn to use our stores of these resources wisely. 
Delimitation of the unit. 
l. Fuel is any substance which is burned in air to 
give off heat. 
2. Every fuel contains energy. 
3. It is difficult to say what energy really is; 
but we know that there are several different kinds of energy 
which can be changed from one form to another. 
4. The energy in a fuel must be set free before the 
fuel can be used. 
5. When a fuel burns, the carbon and the hydrogen 
gases combine with oxygen gas to form carbon dioxide and 
water • 
./ 6. Only recently has man learned to utilize the fuel 
found in the earth's crust. 
7. Our chief fuels of today are coal, petroleum, 
natural gas, wood, and food for the body. 
sun. 
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8. The energy in all fuels originally came from the 
9. Coal was formed long, long ago from decayed 
forests under extreme pressure and the consequent of the 
overlying earth. 
10. There are two major kinds of coal found in mines 
called bituminous (soft) and anthracite (hard). 
11. There are many valuable forms of coal found in 
any community. 
12. No one is sure as to how petroleum was formed in 
the earth. There are some beliefs, however. 
13. The petroleum found in -wells deep underground is 
a thick liquid. 
14. All petroleum must be refined and purified before 
it can be used. 
15. Petroleum possesses many useful and valuable 
products of which gasoline is the most important. 
' 16. Natural gas is found just above the crude oil in 
a petroleum well • 
...,. 17. Natural gas is usually odorless and colorless but 
is mixed with another gas to make it detectable. 
18. The community is dependent on fuels. 
19. Fuels are used in the home for cooking, lighting, 
and h eating. 
20. Home heating takes place by conduction, 
convection, and radiation currents. 
21. The energy from the fuel furnishes the 
11 go- power" for any kind of transport a.t ion found in the 
community. 
22. When our major fuels are processed correctly 
by various industries, they yield many by- products from 
which are manufactured articles commonly used in the home 
and community. 
23. These products are results of chemical changes 
or the forming of new substances from others. 
24. Fuel may be used to make electricity for home 
and community. 
25. The human body needs fuel for energy, for growth 
and movement. 
26. Food furnishes the body with the needed fuel. 
27. The food combines with oxygen gas and produces 
the energy in the cells of the body. This is another 
chemical change. 
28. There are several classes of foods such as 
carbohydrates, fats, proteins, minerals and vitamins. Each 
has its own job to do in the body. 
29. All fuels are considered in the nation's 
natural resources. 
30. A nation's supply of its fuels is limited. 
31. Everyone must help to conserve the nation's 
supply of fuel. 
32. Conservation means wise use of our resources. 
33. Coal mines are under constant care of the 
industry to eliminate waste in mining and manufacturing 
processes. 
v '..-34. Petroleum and gas wells are under constant 
watch of national conservation committees which help to 
eliminate waste in drilling, transportation, and manu-
facturing processes. 
35. Forestry Services help to prevent and fi ght 
forest fires to safeguard our stores of wood. 
17 
List of probable indirect and incidental learning 
product a. 
l. The ability to solve problems individually. 
2. The attitude of cooperation when working with 
others in a group. 
3. Increased skill in work-study habits. 
~. Increased skill in the use of the school and 
community resources. 
5. The ability to organize and present newly 
acquired facta for the benefit of others. 
6. A changed attitude relative to the belief that 
fuel involves only the use of coal or oil. 
· 7. A realization of the value of fuels and their 
by-products. 
8. The appreciation of scientific discoveries and 
inventions in the progress of the fuel industries. 
g. A realization of the need and meaning of a 
fuel conservation program. 
10. A better understanding of the existing 
problema due to the dependency of the community on its 
fuel supply. 
18 
List of readings for teacher's use only. 
l. Arey, Charles K., Science Experiences for 
Elementary Schools. New York: Bureau of 
Publications, Teachers College, Columbia 
University, 1942. 
2. Baer, Marian E., Without Fire: A Book of 
Experiments. New York: Rinehart Publishing 
Company, 1946. 
3. Billett, Roy o., Fundamentals of Seconday School 
Teaching. Boston: Houghton Mifflin Company, 1940 
4. Blough, Glenn, Teachin~ Elementary Science. 
(Suggestions for Classroom Teachers), Washington: 
United States Government Printing Office, 1948. 
v·"'5. Craig, Gerald s., Science for the Elementary 
School· Teacher. New York: Ginn and Company, 1947. 
6. Croxton, w. c., Science in the Elementary School. 
New York: McGraw- Hill Book Company, Inc., 1937. 
7. Deming, H. G., General Chemistry. New York: 
John Wiley & Sons, Inc., 1935· 
8. Getchell, R., Cable, E., Kadesch, w., The Physical 
Sciences. New York: Prentice-Hall, Inc., 1941. 
9. Hausmann, E., Slack, E., Physics. New York: 
n. Van Nostrand Company, Inc., 1939. 
10. Hotchkiss, William, Minerals of Mit:~;ht • . Lancaster, 
Pennsylvania: Cattell and Company, Inc., 1945. 
~ 20 
·-
11. McKown, Harry c., Activities in the Elementary 
School. New York: McGraw-Hill Book Company, 
1938. 
12. Sherman, Henry, Chemistry of Food and Nutrition. 
New York: Macmillan Company, 1946. 
The unit assignment. (Tentative time allotment, four 
weeks, approximately two periods per day: one for 
combining and sharing experiences and one for group 
laboratory work.) 
A· Introduction: The interest in this topic can be 
best motivated during the fall or winter months. A visit t .o 
the school's heating plant is to be arranged with the 
school's heating engineer. Before the visit takes place, 
the teacher initiates the proceedings by asking the 
quest ions; a) How many at udent s think that the classroom 
feels warm? b) Where do you think the heat comes from? This 
is followed by a short discussion of this matter which 
preceeds the announcement of the visit to the plant, and 
followed by points of interest of the plant to be noticed 
by the pupils. Upon returning to the classroom, a question 
period is held. This is to be fo~lowed by a period of pupil 
suggestions for the solutions of the problems. The unit is 
now well under way. 
B. Study and activity guide. 
1. What is a fuel? (III:76, VI:l92-7). 
a. What kind of energy do all fuels have? 
Name the other kinds of energy. (V:36-7, 
VI:213-4, XI:240-8). 
b. What does any fuel need in order to 
burn? Where does this gas come from? 
(III:76-7, X:l97-202). 
c. What must be done to the fuel so that 
it will burn? What is meant by the kindling 
temperature? What is the name given to a 
fire that at arts burning by it self? 
(X: 197-202) • 
_v 
'~2. Discussion of the film shown entitled, "Power 
Behind the Nation." 
3. Name our chief fuels. (II:28, II I :78-82, 
VI:l92-6, X:341-2). 
a. What two gases are found in every fuel? 
What harmless gas is formed when the fuel 
combines with oxygen? \fuat gas is formed if' 
there isn't enough oxygen present? Is it 
poisonous? How can we prevent it? {VI:l97-
206, X:l91·96, V:46-7, VI:210-12). 
* Each student will participate in this activity. 
*4. Learn the songs reproduced entitled, "Casey 
Jones", folk tune and "John Henry", folk tune. 
** 5. In what three forms may any fuel or any 
substance appear? (IV:6-7, X:86-9). 
~} 
~·* 
teacher. 
a. All things are made up of tiny particles 
called molecules which are always in motion. 
What makes these molecules move faster? 
(IV:l2-22, X:l02-7, XI:214-15, XI:225-7). 
b. In which form are the molecules moving 
the fastest? How does heat change a solid 
to a liquid and then to a gas? (IV:S-12, 
X:l25-45, XI:272-85). 
c. How does heat affect metals? How does 
cold affect metals? (IV:20~22, VII:ll9-20, 
X:ll5-24). 
d. How does heat affect gases? How does 
cold affect gases? (VI:l62-5, XI:214-15, 
I: 114-21) • 
e. How does heat affect liquids? How does 
cold affect liquids? (IV:20-22, VI:l59-61, 
I: 110) • 
Each student will participate in this activity. 
Topics to be investigated by pupils selected by the 
* 
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f. What is a th ermomet e r used for? How does 
it work? Can you read a thermomet er? At what 
temperature does water boil and freeze on the 
Fahrenheit and centigrade scales? (IV: 20-.22, 
VI:l5l, VII:ll6-19). 
6. List some everyday uses of experiment results 
shown in connection with topic five. 
{~ 
7. Sketch and complete a cover for your notebook 
on The Value of Fuel. 
{~8. Write to the Bituminous Coal Institute asking for 
two booklets entitled, "Pertinent Facts about Coal", and 
"Old King Coal". The letter is to be approved by the teach 
before sending and the address will be given. 
9. Give a very brief story t -elling how coal was 
formed. (VI:l9-20, VIII:315-18). 
·:fo 
a. What kinds of coal are mined? How are coke, 
charcoal, and arti f icial gas made? (VI:l95, 
X:204, XII:676-7) • 
b. List the stat e s which make up the larg est 
mining section of the United States. What per 
cent of the world's coal is mined in the United 
States? State that in another way. (VII:372-3, 
VII:50l). 
Each student will participate in this activity. 
c. Describe the appearance of peat, anthracite, 
bituminous, and coke. (X:203-6, XII:676-7). 
{r 10. Draw an outline map of the United States includi 
states, their capital cities, and shading in the coal mining 
areas. (VIII: 372) • 
-:~*11. Give a very brief story telling about the present 
day belief of how crude oil was formed. (VIII:317-21, 
XII:554-5). 
~~ 
a. What does the inside of the oil well look 
like? What comes out first when a well is 
drilled? (VII:503, IX:223, VIII:320-21, 
XII:682-3). 
b. What makes the crude oil shoot out of the 
well? What does the crude oil look like? 
(IX:223, XII:682-3, X:206-7). 
c. List the oil bearing districts in the United 
States. What states make up each district? 
(VIII:378). 
d. About what per cent of the world's known 
supply of petroleum does the United States have? 
What per cent of the world's supply does the 
Each student will participate in this activity. 
~·~~ To pice to be investigated by pupi le selected by 
the teacher. 
======~:=============~~==~====~~==================~==========~~--=---== 
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United States produce? (VIII:377, VII:504). 
e. What major fuels are made from crude oil 
or petroleum? What methods are used to get 
these fuels from petroleum? (IX:219-22, X:206, 
XII: 684-5) • 
~~t--
12. Discussion of the film shown entitled, "Petroleum 
and ita Uses". 
* 13. on your map, shade in the five major oil bearing 
district a. 
14. How do we get fuel gas? (X:206-7, VI:l95). 
a. From what substance is artificial gas made? 
What do we call the well gas? (VI:l95-200, 
X: 206-7). 
b. · What happened to well gas in the early days 
of the oil industry? What are some important 
uses of it today? (VIII:382-3, XII:683). 
~ 
"15. Learn the song supplied entitled, "The Erie 
Canal", a folk tune; or "Drill, Ye Tarriera Drill", composed 
by Thomas Casey. 
16. Can the heat energy from fuel be changed into 
some other kind of energy to do work? 
a. How did a piece of coal get its energy? 
Where did this energy come from? 
-:t 
Each student will participate in this activity. 
b. Where did all energy originally come from? 
c. Trace energy changes from the sun to fuel 
making and to other changes in a steam engine. 
(VII:447-8, XI:240~8, XI:252-4, VI:213-4). 
** 17. List all the different methods of travel in your 
community which depend upon some kind of fuel for its "go-
power". a. Describe the workings of the steam 
locomotive in a few brief sentences. What 
are some of the leading problems created by 
the steam locomotive? (IV:l43-8, VI:l94-5, 
XII:522-6, VIII:255-9) • 
b. What are the four main strokes of the 
gasoline engine? Is the diesel engine like the 
gasoline engine? Where are diesels used? 
(VIII:l95-9, VIII:251-2, X:69, XII:531-43). 
c. What is used to stop the wearing away of' 
metal parts in a machine? What causes the 
wearing away? What are some good uses of 
friction? (IV:l61-66, XI:236-7, XII:25l-3). 
d. How does your bicycle get its energy 
("go-power")? Is it the same for scooters? 
**Topics to be investigated by pupils selected by 
the teacher. 
1H~l8. How does the body get its energy? (!!:28, 
!!!:78-82, V:36, X:341-2). 
* 1 9. 
(X:367). 
a. Where did the energy come from? What must 
the body do before energy is released? What is 
the normal temperature of the body? (VII:441-8, 
V:36-7, V:259-60, VI:210-14, !!:22-6). 
b. What are the dif f erent food types? What 
does each one do? What are some examples of 
each? (!!:16-18, and 258-62, V:48-9, VI;228-31, 
X: 347-60). 
c. What carries the food and oxygen to all the 
body cells? What happens to excess food energy? 
How does the body use up energy? Give illustra-
tions. (II:22, !!:35-6, !!:245-8). 
List the eight rules on foods you should eat. 
* 20. Take part in the daily exercise program. 
·)1-
21. Discussion of the film shown entitled, "Proof of 
the Pudding". 
22. What fuels can be used in the home? (VI:l94-5, 
x: 204) • 
* 1 Each student wi 1 participate in this activity. 
>-H~ 
Topics to be investigated by pupils selected by the 
teacher. 
')'i- ~f-
a. What is the common name for cooking gas? 
Why is it better to use than wood? Why is 
oil a good cooking fuel? ~~y is coal better 
to use than wood, peat, or coke? (VI: 194-5, 
X:204, X:213-14). 
b. What happens to most of the h eat when an 
old-type fireplace is used? What does the new-
type fireplace look like? How does it heat a 
room? (XI:286, XI:268-70). 
23. What heating systems are commonly used today? 
~H~ 
a. How does a hot air furnace system work? 
How does t h e warm air vent heat a room by 
convection? Explain how a stove or radi ator 
sets up the three kinds of heating current a. 
(I:lll, X:209-ll, XI:261~70, XI:286-9). 
b. What are some of the major differences 
between the steam heating system and the hot 
water heating system? (XI:290-93) .. 
c. What does the word thermostat mean? How 
does a thermostat work? How is heating oil 
used in an oil burner? What are some advantages 
of the automatic coal stoker? (X:210-15). 
Topics to be investigated by pupils selected by 
the teacher. 
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~t-
24. Draw a line graph or b ar graph showing the 
approximate amount of fuel used in your home from Octobe~ 
through March. 
-:~ 25. Compute the cost of the fuel used each month and 
then find the total cost for the six months. 
Draw a diagram of your heating system at home. 
(If you do not have a regular heating system, write a story 
telling how your home is heated.) 
~*"-~*" 27. Name some important industries in your community 
that need fuel for their products. 
a. How is coke or coal used to make electricity 
·what machine is driven by st earn? (II: 105-7, 
V: 316, VIII: 92-7) • 
b. How is coke used in the smelting factory? 
Can this process be the same for other metals 
beside iron? Name some uses of iron and steel. 
(V:l61-7, VIII:8-10). 
28. What is a by-product? 
a. How are some by-products made? What name 
is given to this method? (X:l35-6). 
b. vVha.t are some of the most common petroleum 
by-products and their uses? (IX:223, X:206). 
* Each student will participate in this activity. 
-3i-~*-Topics to be investi gated by pupils selected by 
the t .eacher. 
-;~ 
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c. What are some of the most common soft. coal 
by-products and their uses? (X:54). 
d. What are some of the most common wood by8 
products and their uses? (see encyclopedia). 
29. List the common by-products and uses of petroleum 
soft coal, and wood. 
30. Why must we conserve on our fuel supply? 
(VII : 500-1) • 
-!E-
a. What is meant by conservation? Can we 
conserve by preventing destructive fires? What 
are some major causes of fires? What two 
principles are used in putting out fires? 
Explain how the nearest fire extinguisher 
works. (X:217-24). 
b. How can we conserve coal? Explain two or 
three ways the mining compani e s are trying to 
conserve coal. Why are more diesel engines 
being used instead of coal burning locomotives? 
(VII:50l-3, VIII:374-6, XII:677-80). 
c. What change was made in the oil well drillin 
to conserve crude oil? How is natural gas being 
conserved now? V/hat process is used to get more 
Each student will participate in this activity. 
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oil from the wells using gas? What is the name 
of the new method of getting more gasoline from 
an amount of crude oil? (VIII:380-83, 
XII:683-5) • 
d. What government organization protects our 
valuable forests? What are some of their 
duties toward conservation? How can we help 
them? (VI:298-30l, III:308-16, XII:702-6, 
VII:489-93). 
e. How can we conserve heat and fuel in our 
homes? vVhat is meant by insulation? What are 
some common insulators?· (XI: 293-5). 
~~ 31. Draw a colored post er or cartoon showing 
carelessness in fire prevention (X:217); or showing a 
method of heat and fuel conservation. 
32. Take part in the final program to be decided 
by the students. 
c. Optional Related Activities 
1. Oral and written reports 
~· 
a. Have you ever visited a coal mine or oil 
well area? If so, prepare a talk on your 
experience. 
Each student will participate in this activity. 
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b. Do you know a miner, oil digger, or forest 
ranger? If so, prepare a talk concerning his 
daily routine of duties. 
c. Collect newspaper articles on current events 
concerning any fuel and report daily to the 
class. 
d. Listen to the early evening news reports on 
the radio or television. Take notes on current 
matters on fuel and report daily to the class. 
e . Do you have the opportunity to visit a coal 
mine, oil well area, or refining plant? If so, 
write a report of your experiences and take 
photo graphs if you can. 
f. Write a composition or short story telling 
how you would put out a small fire in your home. 
g. Write a short story about a destructive fire 
caused by spontaneous combustion due to care-
lessness. 
h. Write a story telling how coal was formed 
many years ago. (VIII:315 .. 18). 
L Write a story or poem of a ghost town that 
was an important oil producing town in years 
gone by. 
j. Write a. story or poem about a small coal 
mining town. 
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k. Visit the local gas and electric company 
and find out what fuel they use to produce 
electricity and how they do it. Write a report 
o~ your findings. 
1. Write a story on window glass making and 
illustrate with pictures from magazines. 
( v: 156-9) • 
m. Write to the National Forestry Service ask-
ing for information about, 1) major causes of· 
forest fires; 2) best methods of fighting forest 
fire s ; 3) the amount of wooded areas destroyed 
by fire during the past year. Bring the reply 
to class. 
n. Write a summary of any book you read which 
has to do with this unit. The book should be 
ap proved by the teacher before reading. 
2. Charts, Maps, Graphs, and Diagrams. 
a. Draw a labe led diagram of an oil well showin , 
how it works. (X:206). 
b. Make a circular graph of your father's 
average monthly expense bill for necessities 
including cost of fuel, food, rent, electricity, 
gas, and telephone. 
c. Draw a large chart naming the classes of 
foods, examples of each, and the work each class 
does in the body. 
d. Draw a labeled diagram of the working s of a 
steam engine and showing the energy changes. 
e. Draw a labeled diagram of the working s of a 
gasoline eng ine showing t h e four strokes of the 
engine. (XII:531-9). 
f. Draw a large map of the United States 
showing the bituminous locations and the amount 
of coal mined per y e ar. (Use a tiny coal car to 
stand f or so many tons of coal mined). 
g. Do the same for anthracite mining . 
h. Draw a large labeled diagram describing t h e 
school's heating system. 
i. Draw a long time line including the 
following dates: 1) Greek and Roman Empire, 
2) Birth of Christ, 3) discovery of America, 
4) Revolutionary war, 5) Watt' s steam engine, 
6) the first g asoline engine automobile, 
7) the year of your birth, 8) the present day . 
j. Draw a larg e map of the United States 
showing the five oil well locations and amounts 
of oil pumped out per year. (Use a tiny barrel 
to stand for so many gallons of oil). 
3. 
35 
Models, Cartoons, and Pictures. 
a. Make a table model of a steam engine using 
tin can. (See the Fun in Science Booklet). 
b. Paint a coal mine or mining town scene. 
c. Paint an oil well or oil town scene. 
d. Paint a forest fire scene. 
e. Draw a cartoon showing petroleum, coal, or 
wood being distilled and forming the by-products 
f. Draw a cartoon showing the energy in a fuel 
being released to be put to work. 
g. Collect and mount pictures, taken from 
newspapers or magazines of recent local fires. 
h. Collect and mount pictures of coal mines, 
coal towns, oil wells and oil well areas. 
i. Make a table model of several small oil 
wells being pumped by a central refinery. 
j. Collect and mount pictures of foods and 
arrange them into proper balanced meals for a 
sixth grade pupil. ( See table in X: 364-5) • 
k. Make a model steam turbine using a nail, 
test tube, cork strip, tin strips, flask of 
water, rubber stopper and glass tubing. (Se~ 
XII:528). 
1. Make a booklet of ten to fifteen pictures 
of different petroleum by-product.s. 
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m. Make a booklet of ten to fifteen pictures 
of different coal by-products. 
n. Make a booklet of ten to fifteen pictures 
of different wood by-products. 
o. Make a booklet of many pictures showing 
occupations connected with this unit. 
4. Debates, Dramatizations, and Music. 
a. Plan a program for a five pupil round table 
discussion on the topic, "The Importance of a 
Fuel Conservation Program to the Community". 
(The topic is really optional but should be 
approved by the teacher.) 
b. Compose a song with words dealing with the 
unit. Teach this song to the class. 
c. Write a short ten or fifteen minute one act 
play concerning any topic in the unit. (This 
may involve several pupils). 
5. Demonstrations. 
With the help of the teacher, perform the 
experiment to show: 
a. That a fuel needs oxygen and heat in order 
to burn; using a candle, matches, and an open 
jar. 
b. That heat has an effect on gases, liquids, 
and solids or metals; using a source of heat, 
a pan, a piece of ice, a flask or jar, and a 
balloon. (XI:273). This will also show how 
substances can be chang ed from one form to 
another. 
c. That each substance has its own boiling 
point; using a source of heat, test tubes of 
water, glycerine, and alcohol and a watch or 
laboratory thermometer. 
d. That a gas changes to a liquid when the gas 
is cooled; using a source of heat, test tube, 
flask of water, glass tubing and rubber stopper 
Ex plain how this may be applied in distilling 
petroleum. 
e. That a gas or liquid in an enclosed 
container pushes with an equal force in all 
direct ions; using a balloon and a pin. Explain 
how this can be applied to getting oil from a 
well. 
f. That a gas or liquid will take up all the 
space it. has open to it.; using a source of heat, 
a flask of water, glass tubing , rubber stoppers, 
and test tubes. Explain how this may be 
applied to the steam heating system. 
g. That the energy from steam can be made to do 
work; using a source of heat, test tube, water 
and cork stopper. Explain how this may be 
a pplied to a steam engine. 
h. That heat is conducted in a substance from 
molecule to molecule; .using a metal rod, three 
coins, wax, and a source of heat. Explain how 
h eat is conducted in metals and in the hot 
water heating system and in the heating of foods 
L That heat is transferred by convection 
currents; using a source of heat, a jar of 
water, and sawdust. Explain how room heating 
take s place like this and that foods are boiled 
in the same way. 
j. That everything on earth is heated by the 
sun t hrough radiation; using the window, a 
source of heat, a light can, a dark can, water, 
and a thermometer. This also shows that dark 
colore absorb heat and light co lora r eflect 
heat. 
k. That old oil wells are made to work like 
new; using a flask of water, t wo-hole rubber 
stopper, and two glass t .ubes. 
1. How some coal by-products are utilized; 
using ex periment book and samples from Coal 
By-Products Kit. 
~~======~==========~~================~==========~==-==~----
m. That we use different fuels in our 
community; using samples of hard coal, soft 
coal, coke, heating oil, bottle of illuminating 
gas, and a piece of wood. Explain some 
differences. 
n. That exercise in any form in necessary for 
keeping healthy; by leading the class in daily 
exercises for a week. 
D. List of pupil references in study guide. 
I. Beauchamp, Wilbur, Blough, Glenn and Melrose, 
Mary, Discovering Our World. Chicago: Scott, 
Foresman and Company, 1941. 
II. Knox, Warren, Stone, George and Meister, Morri 
The Wonderworld of Science. Book 6. New York: 
Charles Scribners and Sons, 1946. 
III. Carpenter, Harry, Bailey, Guy and Smith, Paul, 
Adventures in Science with Ruth and Jim. Boston: 
Allyn and Bacon, 1946. 
IV. Craig , Gerald and Hyde, Margaret, New Ideas in 
Science. Boston: Ginn and Company, 1946. 
v. Frasier, George, MacCracken, Dicker, Donald 
and McNaughton, Daniel, How and Why Discoveries. 
New York: L. W. Singer Company, 1947. 
VI. Frasier, George, Dohlman, Helen and VanNoy, 
Katherine, How and Why Experiments. New York: 
====~========~==~~==============~==========~!====~~ 
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L. W. Singer c·ompany, 1947. 
VII. Powers, Samuel, Neuner, Elsie , Bruner, Herbert 
and Bradley, John, Our World Chan~~· Boston: 
Ginn and Com pany, 1946. 
VIII. Bruner, Herbert and Smith, c. Mabel, Social 
Studies. Intermediate Grade Boo·k 3. New York: 
Charles E. Merrill Company, 1940. 
IX. sears, Paul, Quillen, I. James, and Hanna, 
Paul, This Useful World. New York: Scott, 
Foresman and Company, 1939. 
x. Beauchamp, Wilbur L., Mayfield, John C., and 
west, Joe Young, Science Problems. Book I. 
New York: scott, Foresman and Company, 1946. 
XI. Beauchamp, Wilbur L., Mayfield, John c., and 
west, Joe Young , Science Problems. Book II. 
New York: Scott, Foresman and Company, 1946. 
XII. Beauchamp, Wilbur L., Mayfield, John c., and 
,,llfest, Joe Young, Science Problems. Book III. 
New York: Scott, Foresman and Company, 1946. 
Added Putiil Reading List. 
Cumley, Russell w., America's Oil. Basic Social 
Education Series. Evanston, Illinois: Row, 
Peterson and Company, 1942. 
Cumley, Russell w., Roughneck. The Way of Life 
Company, 1941. 
Edelstadt, Vera~ Black Magic, The Story of 
Smoke. New York: Alfred A. Knopf, 1943. 
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Karson, George, Black Land. The Way of Life 
Series. Evanston, Illinois: Row, Peterson and 
Company, 1942. 
Parker, Bertha M., Fire, Friend and Foe. The 
Basic Science Education Series. Evanston, 
Illinois: Row, Peterson and Company, 1941. 
Parker, Bertha M. , Heat. The Basic Science 
Education Series. Evanston, Illinois: Row, 
Peterson and Company, 1941. 
Parker, Bertha M., Downing, Elizabeth M., 
You As a Machine. The Basic Science Education 
Series. Evanston, Illinois: Row, Peterson and 
Company, 1941. 
Petersham, Maud and Miska, The Story Book of 
Coal. Philadelphia: The John c. Winston 
Company, 1940. 
Petersham, Maud and Miska, The Story Book of 
Oil. Philadelphia: The John c. Winston 
=====9~====~===~=====Co==mpany~_l940. 
Free materials. available. 
1. American Forest Products Industries, Inc. -
1319 Eighteenth Street, N. W., Washington 6, 
D. c., The Stor;r of Forests. 
2. American Gas Association, Inc. - 420 Lexington 
Avenue, New York 17, N. Y. The Story of Gas. 
3· American Petroleum Institute - 50 West 50th 
Street, New York 20, N. Y., The Early Years. 
4. Anthracite Institute - 101 Park Avenue, 
New York 17, N. Y. The Wonders of Anthracite. 
5. Bituminous Coal Institute - 815 Southern 
Buildin~, Washington 5, D. c. 
The Coal You wear 
Coal Kit 
Coal By-Products Kit 
Coal Product a Chart 
A Down to Earth Picture of Coal 
Pertinent Facts 
Old King coal 
The Beginnings of Coal 
Coal Black Magic 
Thar's Magic in Your Coal Pile 
Coal -- The Utilities' Utiliti_ 
What's In the Air 
6. Cereal Institute Inc., Home Economics Department., 
135 South LaSalle Street, Chicago 3, Illinois. 
A Day's Pattern for Good Eating from the 'Basic 
Seven'. 
7. General Mills, Inc. - Department Number 196, 
Minneapolis 15, Minnesota. Food Conservation 
Practice Charts. 
8. Institute of Boiler and Radiator Manufacturers -
60 East 42nd Street, New York 17, N. Y. Enjoy Better 
Livin~ with Radiant sunny Warmth. 
9. Maltex Company - Home Economics Department, 
Burlington, Vermont. Daily Diet Record. 
10. So cony-Vacuum Oil Company - 26 Broadway, New York 
N. Y. Petroleum and the Petroleum Industr~. 
11. Standard Oil Company of New Jersey - Room 1626 
Rockefeller Plaza, New York 20, N. Y. Rubber from 
Oil. 
12. Westinghouse Electric Corporation - School 
Service - 306 Fourth Avenue, Pittsburg 30, 
Pennsylvania. 
Fun in Science 
Science in Everyday Things 
They Never Susoected 
List of 16 mm. films available for elementar:y_ grad~. 
Title 
Birth of an Oil Field 
30 minute-sound-color-loan free 
Evaluation of the Oil Industry 
34 minute-sound-loan free 
Magic of Coal 
18 minute-sound-loan free 
Oil for Aladdin's Lamp 
28 minute-sound-loan free 
Oil from the Ea~th 
20 minute-sound-loan free 
Petroleum and Its Uses 
42 minute- sound-loan fr~e 
Power Behind the Nation 
38 minute-sound-color-loan free 
Producer 
Shell Oil Company 
Public Relations, 
Dept. 50- 50 West 
50th Street, New York 
20, N.Y. 
United States Bureau 
of Mines - Graphic 
Service Section -
4800 Forbes Street. , 
Pittsburgh 13, Penn-
sylvania. 
Princeton Film Center 
625 Madison Avenue 
New York 22, N. Y. 
Shell Oil Company 
Shell Oil Company 
United States Bureau 
of Mines 
Norfolk and Western 
Railway Co., Magazine 
Title 
Proof of the Pudding 
10 minute-sound-color-loan fre.e 
Prospecting for Petroleum 
23 minute-sound-color-loan free 
Refining Oil for Energy 
22 minute-sound-color-loan free 
something You Didn't Eat 
9 m~nute-sound-loan free 
Story of Coal, The 
11 minute-sound-rent $2.00 
Story of Human Energy, The 
10 minute-sound- color-loan free 
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Producer 
Department, Roanoke, 
Virginia 
Metropolitan Life In-
surance Company -
1 Madison Avenue, New 
York 10 , N. Y • 
Shell Oil Company 
Shell Oil Company 
United States Departm 
of Agriculture - Motion 
Picture Service -
Washington 25, D. c. 
Knowledge Builders 
625 Madison Avenue 
New York 22, N. Y. 
Princeton Film Center 
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CHAPTER III 
PRESENT AT ION .AND EVALUATION OF THE UNIT 
Method of teaching. Every activity not marked with 
->H~ 
and which appears in the study and activity guide is to 
discussed by the groups involved during the sharing-of-
ex periences period. Other students not participating in 
that activity are to take notes for their individual 
notebooks which they are supposed to keep. Any optional 
relat ed work pertainine; to that activity will be demon-
strat ed and discussed at that time. If the group reciting 
omits any pertinent in format ion, the t e acher supplements 
the discussion with the necessary information. Any teacher 
demonstrations, use of visual aids, or guest appe arances 
take place during this period as well. The investigations 
of the problems by the groups take place during the 
laboratory period. If a group should complete its investi .. 
gation, the members may be permitted to work on their 
optional related activities. 
Final test. The final test and the pre~t est are 
identical in for m and content. The pre-test is administ ere 
at the outset of the unit and the final test is administer 
during the closing periods. To ach ieve t h e best results, 
the final test should cover two consecutive periods 
including a short intermission. 
Final Test 
Part A 
I. 20 questions - True or False 
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Direct ions: Circle the lett er "T" if the statement is 
true; circle "F" if it is false. 
Example: The colors of our flag are red, 
white and blue. <® or F 
l. Scientists actually know what energy really 
is. (T or F 
.- 2. Scientists have not agre ed on as to how 
petroleum was formed. 
.:-'' 3. Out petroleum supply is limited. 
4. Coal can be used to produce electricity. 
5· we cannot change heat energy to mechanical 
energy. 
6. All energy originally came from the sun. 
v- 7. Oil shoots out from a well because of the 
extreme pressures above and below it which 
squee zed the oil out. 
8. Some old wells have b een "repressurized", 
which means that water was poured into them. 
9. Food must be dige sted before energy is 
released for active duty. 
(T or F 
(T or F 
(T or F 
(T or F 
(T or F) 
(T or F 
(T or F 
(T or F 
10. The better your home is insulated, the 
less fuel is used. 
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(T or F) 
11. The largest mining area in the United States 
lies n e ar the west coast. (T or F) 
12. warm air rises above cold air because it is 
lighter. 
13. Ice is not a form of water. 
14. A fuel must be heated to its kindling 
temperature b efore it will burn even though no 
(T or F) 
(T or F) 
oxygen is present. ( T or F) 
15. In a chemical change, a new substance is 
always formed. (T or F) 
16. Carbon monoxide is a poisonous gas. (T or F) 
17. A person who does not exercise should eat 
more food than a person who does a lot of 
exercising. (T or F) 
18. At one time, oil for lighting was made from 
soft coal. ( T or F) 
19. Most of our oi 1 well districts lie in the 
central and western parts of our country. (T or F) 
20. The United States produces very little of 
the world's supply of coal. (Tor F) 
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II. 15 Products 
Directions: In this part, if the product comes from 
coal, put the letter "c" beside it; if it comes from 
petroleum, put the l etter "p" beside it; if it comes 
from wood, put the letter "wn beside it. Use only 
the letters "c", "w", 11 p 11 • 
Example: gasoline £ 
1. red dye 
2. heating oil 
3· charcoal 
4. coke 
5. paper 
6. grease 
7. illuminating gas· 
8. wax 
9. ammonia 
10. alcohol 
11. vase line 
12. vinegar 
13. lampblack 
14. lubricating oils 
15. pitch 
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III. 15 que stions - Multiple Choice 
Directions: Draw a line und er the one which you think 
is correct. 
Example: In which state do we live? 
(New York, Massachusetts, Connecticut) 
1. What ~ as is needed before a fuel can burn? 
(hydro gen, oxygen, carbon dioxide) 
2. What kind of energy do all fuels have? 
(sound, light, heat) 
3. What substance do e s every fuel contain? 
(iron, c arbon, oxygen) 
/ -4. The chief product of petroleum is (coke, kerosene, 
gasoline). 
5. What t y pe of current heats the wat er in a tea 
kettle? (conduction, radi ation, convection). 
6. The sun heats the earth by (conduction, radiation, 
convect ion) • 
7. What type of food builds muscles and repairs worn 
out tissues? (vitamins, proteins, carbohydrates) 
8. What. _t_ype of food supplies the body with energy 
for motion? (vitamins, proteins, carbohydrates) 
9. What. usually happens when a piece of metal is . 
heat ed? ( g ets short er, gets longer, stays same size) 
10. What happens to the molecules in a substance when 
the substance ·is heated? (gets shorter, gets longer, 
stays same size) 
11. From what fuel is coke made? 
(bituminous, anthracite, petroleum) 
12. 'Which one of the following types of materials is 
the best conductor of heat? (wood, cloth, metal) 
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13. Which type of fuel produces the most heat and the 
least smoke? (bituminous, anthracite, coke) 
14. What is the b8iling point of water? 
( 212°F, 100 F, 32°F) 
Which one of the following is not a chemical 
change? (steam from boiling water, rust from a nail, 
energy from food) 
\ 
("' --I'" l · ~ ; t 11 .... " .. . . t- ) .. 
-. ; ;·:v :~ ,"·: ;-: t: c~~.J(_;c~ uun 
~ i u r~i'Y 
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Part B 
IV. 15 questions - Matching 
Directions: In the space to the left of the numbers, 
place the letter of the word in the right column 
which explains the meaning of the word in the left 
column. 
Example: l. b huge 
l. blood 
2. bituminous 
3. friction 
4. anthracite 
a. small 
b. large 
c. colorful 
a. a protein food 
b. list of topics and pages 
at the end of a bool{ 
c. a type of heating current 
d. leader of soft coal 
5. spontaneous combustion miners 
6. cracking e. list of chapter titles 
and pages at the front of 
7. sugar a book 
8. vitamins f. means something that can 
9. distilling 
10. peat 
11. milk 
12. 
13. 
14. 
John L. Lewis 
index 
combustible 
15. table of contents 
burn 
g. the term for hard coal 
h. a carbohydrate food 
i. a fuel not used often in 
the United States 
j. the term for soft coal 
k. causes wearing of parts 
and makes heat. 
l. carries food and oxygen 
to every part of the 
body 
m. found in some foods and 
fights certain diseases 
n. a fire which started by 
it self 
o. to use wisely 
p. originator of the steam 
engine 
53 
q. a n ew way to make gasoline 
from petroleum 
r. the method used to separate 
the products of petroleum 
v. 10 questions - Completion 
Direct ions: In the space provided to the right, place 
the one word which best completes the sentence. 
Example: The fuel used to run our auto-
mobiles is 
1. What is the word we used which means to 
use wisely? 
2. What is the name given to the automatic 
immediate heat regulator? 
l.gaso line 
l. 
-----·-----ll 
2. -----------ll 
3. Name the instrument used to measure degrees 
of heat. 3· 
----------11 
4. When wat e r leaves a container by becoming 
a gas, we say that it is 4. 
- ·---------l . ---------
5 • When steam cools and turns to w at er, we 
say that it 
--------· 
s. 
-----------; 
6. Vfuat are the three forms in which any 6. 
-----------l 
7. fuel or any 7. 
--------1 
8. substance must exist? 8. 
----------l 
9. Every substance is made up of tiny moving 
things which we call 9. • 
----
10. If gasoline is fuel for the automobile, 
what is fuel for the body? 10. 
VI. Select only 2 out ~! 1 guestions. 
Direct ions: Draw a circle around the letter which you 
think is the best answer. 
Example: In th~ very early days of our country, candle 
were used for lighting purposes because: 
a. 
@ 
c. 
electricity was too expensive 
electricity had not been discovered 
nobody wanted it 
1. The best way to stop an oil fire is to: 
a. pour wat~r on it 
b. blow on it 
c. cut off supply of oxygen by smothering it with 
sand 
2. To prevent being overcome by carbon monoxide gas 
fumes e ither in the house or in the garage you should: 
a. close all windows and doors 
b. open all windows and doors 
c. look for cause of gas before doing anything el 
3· The best way you can conserve the heat (fuel) in 
your house during the cold months is to: 
a. 
b. 
c. 
always close the out side door behind you 
never let the room temperature rise above 45°F. 
keep all doors and windows open 
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4. If strong coal gas fumes are detected in a house 
heated by a coal burning hot air system, the best thing 
to do is: 
a. close the room vents keeping the coal gas in the 
pipes 
b. open the chimney damper to let the fumes escape 
c. open the doors and windows 
5. Why are coal miners right in insisting upon safer 
and healthier working conditions? 
a. because their working laws say so 
b. because they are jealous of others 
c. because their lives are endang ered all the time 
in unsafe mines and America depends on her m 
6. What is the best adult method of finding a book in 
the library if you have the title and the author's name? 
a. Go to the card file and look for the card with 
the author's last name, first name, title of 
the book wanted, and the number of the book; 
then, find it by the number. 
b. Look from shelf to shelf. 
c. Ask the librarian to find it. 
7. How do you find a topic in a book which you have? 
a. thumb through the pages until you find it 
b. look in the index for your topic which will give 
you the page number 
c. look at the table of cont ents and select the 
chapter which you think contains the topic 
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Public Opinion Poll 
Directions: Draw a circle around the letter "Y" if you 
say yes; or draw a circle around the letter "N" if you 
say no. 
l. was the final test too easy? 
2. would you rathe r have everyone using the 
same text book inst e ad of using many reference 
books? 
3· Does the plan ~ive everyone a chance to 
learn and do things? 
4. were the assi gnments listed as optional 
int eresting and challeng ing? 
5. Does this plan make use of much direct 
copying? 
6. was there much memorization in this unit? 
7· Could you understand every question in the 
tests? 
8. were there lots of chances for oral recita-
(Y or N) 
( Y or N) 
( Y or N) 
( Y or N) 
(Y or N) 
(Y or N) 
(Y or N) 
tions? (Y or N) 
9. Could you understand most of the material? (Y or N) 
10. Do you feel as though you actually helped to 
plan the unit? ( Y or N) 
11. Did the "study guide" help to save your time 
for study? ( Y or N) 
12. were enough tests given in this plan of (Y or N) 
learning? 
13. Do you work faster and more accurately when 
you work alone? (Y or N) 
14. was too much responsibility placed upon you 
without the teacher's help? (Y or N) 
15. were the directions for study clear and 
helpful? (Y or N) 
16. was there too much written work? (Y or N) 
17. Do you feel that you have gained interest 
in topics studied in the unit? (Y or N) 
18. Do you feel that you have gained interest 
about some topic of current events? (Y or N) 
19. What did you like the most about this plan? 
20. What did you dislike the most about this plan? 
21. What did you find to be the most difficult part of 
this unit? 
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Results of objective testing . The scores appearing 
on the educational growth and gain chart, Table 4, r e present 
l 
pre-det ermined scores to illustrat e the best method of 
tabulating r e sults for this unit. The relative growth 
scal es found in Figures l, 2, and 3, illustrat e the groups 
wh i ch correspond to the individual scores. These groups are 
det e rmined according to the mean and standard deviation 
formulae. When computing the final evaluation, the teacher 
should also include oral recitations, written work, and any 
individual observations made during the presentation of the 
unit. 
Results of public opinion poll. The Public Opinion 
Poll is taken after the completion of the unit and serve s as 
a check on the teaching methods and topics used. The result 
of t h e Public Opinion Poll serve as a basis for revising the 
unit year after y ear. Table 5 was constructed to illustrate 
a method of tabulating the results so as to give the teacher 
a clearer picture of the overall findings. Once the 
weaknesses have been determined, revision of the unit is a 
comparatively simple mat.ter. 
l 
Pre - determine d score s are fictional and are 
include d to show a simple method of graphing and tabulation. 
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Table 4. Educational Growth and Gain· Chart 
Pre-determined Scores for Illustrative Purposes 
f ·inal 
Pupil Pre-Test Group Test Group Gain Group 
A 32 III 70 II 38' II 
B 16 v 40 IV 24 IV' 
c 27 IV 48 ·Iv 21 IV 
D 19 IV 46 IV 27 III 
E 33 III 60 III 27 III 
F 41 II 69 II 28 III 
G 39 III 62 III . 23 IV 
H 49 II 61 III 12 v 
I 30 III 64 III 34 II 
J 32 III 62 III 30 III 
K 17 IV 38 v 21 IV 
L 54 I 75 II 21 IV 
M 35 III 68 II 33 II 
N 50 II 78 II 28 III 
0 31 III 65 III 34 II 
p 23 IV 40 IV 17 v 
Q 37 III 57 III 20 IV 
R 26 IV 46 IV 20 IV 
s 58 I 80 I 22 IV 
T 28 IV 56 III 28 III 
u 21 IV 47 IV 26 III 
v 36 III 67 II 31 III 
w 48 II 64 III 16 V' 
X 30 III 62 III 32 III 
y 47 II 70 II 23 IV 
z 22 IV 52 IV 30 III 
• 
I 
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Group III 
r.w Pupils 
Group IV 
8 Pupils 
Group II 
5 Pupils 
Group V Group I 
11 Pup_il 2 Pupils I 
Distribution of Pupil Growth 
16) 17 
Figure 1. Relative Growth Scale - Pre-test 
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Group III 
10 Pupils 
Group IV Group II 
7 Pupils 7 Pupils 
Group V Grouo I 
l1 'Pun11 1 Puni 1 I 
Distribution of Pupil Growth 
Figure 2. Relative Growth Scale - Final Test 
r 
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Group III 
Group IV 10 Pupils 
9 Pupils 
Group II 
Group V 4 Pupils 
3 Pupils Group I 
0 Pupils 
Distribution of Pupil Growth 
L..;'l=2 ------=1=8.L...,l=..9~---=25_126 29 32133 39,40 
'9'1gure 3. Relative Growth Scale - Gain 
Table 5. Result a of Public Opinion Poll 
Part. I 
Question 
No. 
1. 
2. 
3· 4. 
5· 
6. 
7· 
8. 
g. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
Aff'irmat i ve 
Answers 
_]~art. II 
_ .It.ems Like.d 
Negat.ive 
Answers 
Items Disliked 
No Response 
It ems Difficult 
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summary. This unit in its entirety represents all 
the major elements necessary to make this unit a teaching 
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9uccess. Due to past experiences with other units of this 
1 ~ype, the writer is familiar with the decided advantages 
1:>f this method of teaching above· and beyond the traditional 
nethod. There are definite reasons for this. (a) This 
nethod minimizes fractional learning. This is illustrated 
'by the fact that the pupils themselves undertake to seek 
information which is interrelated with other subjects. 
(b) It is presumably safe to assume that the average pupil 
will receive a better grade in the final test than in the 
pre-test. After exposing the unit to a class, even the 
slowest pupil will come away with some knowledge of the 
subject gained by taking part in some activity. This 
evidences a definite educational growth. (c) The spirit 
of cooperation emanates from a group activity problem. 
This is a collective problem which comprises smaller 
intergrated problems for the group members to attack. 
(d) With each student having his own sub-topic to investi-
gate along with his optional related work, it is quite 
evident that he must be permitted to progress at his own 
rate of learning. (e) It is an accepted belief that. 
we learn and ~row £l ~riencing, 1 and the more experiences 
1 John Dewey, Democracy and Education. New York: . 
The MacMillan Company, 1933, p. 50. 
we have the more we learn. This is particularly true with 
children. The o ptional related activities provide many 
experiences both famili ar and unfamilia r to the children. 
It also affords opportunities for children to satisfy their 
felt needs. These combined factors create an atmosphere in 
the classroom which is conducive to a good effective 
teaching-learning technique. 
Conclusions. The unit method affords the active 
planning and solving of problems by the students themselves. 
These problems represent desired needs of the pctpils which 
carries with them a genuine int erest. From the problem 
solving activities, the children d evelop social as we ll as 
some t e chnical skills, abilities, attitudes, and apprecia-
tions which dev e lop as indirect and incidental learning 
l 
eroducts. These are the democratic elements which are 
essential and beneficial to the present and future citizen 
of our d emocratic society. 
l 
Roy 0. Billett, Fundamentals of Secondar* School 
Teaching . Boston: Houghton Mifflin Company, 19 o, p. 506. 
APPENDIX 
Date: Name: 
-------------------- ------------------
Score: 
-------------------
Final Test 
Part A 
I. 20 questions - True or False. 
Direct ions: Circle the letter "T 11 if the statement is true; 
circle "F" if it. is false~ 
Example: The colors of our f ·lag are red, white and blue. (f):Dr F) 
1. Scientists actually know what energy really is. 
2. Scientists have not agreed on as to how petroleum 
was formed. 
3. our petroleum supply is limited. 
4. Coal can be used to produce electricity. 
5. We cannot change heat energy to mechanical energy. 
6. All energy originally came from the sun. 
7. Oil shoots out from a well because of the extreme 
pressures above and below it which squeezed the oil out. 
8. Some old wells have been "repressurized", which 
means that water was poured into them. 
9. Food must be digested before energy is released for 
active duty • 
10. The better your home is insulated, the less fuel is 
(T or F) 
(T or F·) 
(T or F) 
(T or F) 
(T or F) 
(T or F) 
( T or F) 
(T or F) 
( T or F) 
used. (T or F) 
11. The largest mining area in the United States lies 
near the west coast. (T' or F) 
• 
• 
• 
12. warm air rises above cold air because it is 
lighter. 
13. Ice is not a form of water. 
14. A fuel must be heated to its kindling temperature 
before it will burn even though nooxygen is present. 
15. In a chemical change, a new substance is always 
formed. 
16. Carbon monoxide is a poisonous gas. 
17. A person who does not exercise should eat more 
food than a person who does a lot of exercising. 
18. At one time, oil for lighting was made from soft 
(T or F) 
(T or F) 
(T or F) 
( T or F) 
(T or F) 
(T or F) 
coal. ( T or F) 
19. Most of our oil well districts lie in the central 
and western parts of our country • 
20. The United States produces very little of the 
world's supply of coal. 
II. 15 Products 
( T or F) 
(T or F) 
Directions: In this part, if the product comes from coal, put 
the letter "c" beside it; if it comes from petroleum, put the 
letter "p" beside it; if it comes from wood, put the letter 
"w" be side it. 
Example: gasoline 
1. red dye 
2. heating oil 
3. charcoal 
4. coke 
5. paper 
Use only the letters 
__E 
"c" 
' 
"w" 
' 
"p". 
8. What type of food supplies the body with energy for 
motion? (vitamins, proteins, carbohydrates) 
9. What usually happens when a piece of metal is heated? 
(gets short er, gets longer, stays same size) 
10. What happens to the molecules in a substance when the 
subst ance is heated? (they move faster, they move slowly, they 
stop moving) 
11. From what fuel is coke made? 
(bituminous, anthracite, petroleum) 
12. Which one of the following types of materials is the 
best conductor of heat? (wood, metal, cloth) 
13. Which type of fuel produces the mo st heat and the 
least smoke? (bituminous, anthracite, coke) 
14. What is the boilin§ point of water? 
( 212°F, 100°F, 32 F) 
15. Which one of the following is not a chemical change? 
(steam from boiling water, rust from a nail, 
energy from food) 
Part B 
IV. 15 questions - Matching 
Directions: In the space to the left of the numbers, place 
the letter of the word in the ri ght column which explains 
the meaning of the word in the left column. 
Example: 1. £_huge 
1. blood 
2. bituminous 
3. friction 
4. anthracite 
5. spontaneous combustion 
6. 
7. 
8. 
10. 
cracking 
sugar 
vitamins 
distilling 
peat 
11. milk 
12. ~ John L. Lewis 
13. 
14. 
index 
combustible 
15. t able of contents 
a. small 
b. large 
c. colorful 
a.. a protein food 
b. list of topics and pages at 
the end of a book 
c. a type of heating current 
d. leader of soft coal miners 
e. list of chapter titles and 
pages at the front of a book 
f. means something that can qurn 
g. t .he term for hard coal 
h. a carbohydrate food 
1. a fuel not used often in the 
United States 
j. the term for soft coal 
k. causes wearing of parts and 
makes heat 
1. carries food and oxygen to 
every part of the body 
m. found in some foods and fights 
certain diseases 
n. a fire which started by itself 
o. t .o use wisely 
p. originator of the steam engine 
q. a new way to make gasoline from 
petroleum 
r. the method used to separate the 
products of petroleum 
v. 10 questions ~ Completion 
Directions: In the space provided to the right, place the one 
word which best completes the sentence. 
Example: The fuel used to run our automobiles is 1. gasoline 
1. What is the word we used which means to use 
wisely? 1. ________ __ 
2. What. is the name given to the automatic immediate 
heat regulator? 2. 
3. Name the instrument used to measure degrees of 
heat. 3. 
------
4. When water leaves a container by becoming a gas, 
we say that it is 4. 
e 5· When steam cools and turns to water, we say 
that it • 5· 
6. ~ What are the three forms in which any fuel 6. 
7. ~ or ?. 
8.) any substance must exist.? 8. 
9. Every substance is made up of tiny moving things 
which we call g. 
------
10. If gasoline is fuel for the automobile, what is 
fuel for the body? 10. 
------
· VI: select only 5 out of 7 quest ions. 
Direct ions: Draw a circle around the letter which you think 
is the best answer. 
Example: In the very early days of our country, candles were 
used for lighting purposes because: 
a. 
® 
c. 
electricity was too expensive 
electricity had not been discovered 
nobody wanted it 
1. The best way to stop an oil fire is to: 
a. pour water on it 
b. blow on it 
c. cut off supply of oxygen by smothering it with sand 
2. To prevent being overcome by carbon monoxide gas fumes 
either in the house or in the garage you should: 
a. close all windows and doors 
b. open all windows and doors 
c. look for cause of gas before doing anything else 
3. The best way you can conserve the heat (fuel) in your 
house during the cold months is to: 
a. always close the outside door behind you 
b. never let. the room temperature rise above 45°F. 
c. keep all doors and windows open 
4. If strong coal gas fumes are detected in a house heated 
by a coal burning hot air system, the best thing to do is: 
a. close the room v ents keeping the coal gas in the pipes 
b. open the chimney damper to let the fumes escape 
c. open the doors and windows 
5. Why are coal miners right in insisting upon safer and 
healthier wo rking conditions? 
a. because their working laws say so 
b. because they are jealous of others 
c. because their lives are endangered all the time in 
unsafe mines and America depends on her miners 
• 
• 
6. \!That is the best. adult method of finding a boo.k in the 
library if you have the title and the author's name? 
a. Go to the card file and look for the card with the 
authorts last name, first name, title of the book 
wanted, and the number of the book; then, find it 
by the number. 
b. Look from shelf to shelf. 
c. Ask the librarian to find it. 
1. How do you find a topic in a book which you have? 
a. thumb through the pages until you find it 
b. look in the index for your topic which will give 
you the page number 
c. look at the table of contents and select the chapter 
which you think cont ains the topic 
Part B 
IV. Matching v. C.omplet ion vr. Appreciations 
1. 1 l. conserve 1. c 
2. j 2. t .hermo stat 2. b 
3· k 3· thermometer 3· a 
4. g 4. evaporating 4. b 
5o n s. condensing 5· c 
6. q 6. solid 6. a 
7· h 7· liquid 7· b 
8. m 8. gas 
9. r 9. molecules 
10. 1 10. food 
11. a 
12. d 
13. b 
14. f 
15. e 
• 
study and Activity Guide 
Unit: "The Value of Fuels in the Community" 
• 
Pupil's Name _________ _ 
e -
molecules move faster? (IV:l2-22, X:l02- 7, XI:214-15, 
XI:225-7). 
b. In wh ich form ar e the molecules moving the fastest? 
How does heat change a solid to a liquid and then to a 
gas? (IV:S-12, X:l25-45, XI:272-85). 
c. How does heat affect metals? How does cold affect 
metals? (IV: 20-22, VII: 119-20, X: 115-24). 
d. How does heat affect gases? How does cold affect 
gases? (VI:l6~-5, XI:214-15, I:ll4-21). 
e. How does heat affect liquids? How does cold affect 
liquids? (IV:20-22, VI:l59- 61, I:llO). 
f. What is a thermometer used for? How does it work? 
Can you read a thermometer? At what temperature does 
water boil and fre e ze on the Fahrenheit and centigrade 
scales? (IV:20-22, VI:l51, VII:ll6-19). 
* 6. List some ev eryday uses of experiment results shown in 
connection with topic five. 
-:E-
7. Sketch and complete a cover for your notebook on The 
Value of Fue l. 
1~ 8. Write to the Bituminous Coal Institute asking for t wo 
booklets entitled, "P ertinent Facts about Coal", and "Old King 
Coal". The lett er is to b e ap proved by the t e acher b efore sending 
and the address will be given. 
9. Give a very brief story telling how coal was formed. 
(VI:l9-20, VIII:315- 18). 
-~ 
a. What k inds of coal are mined? How are co·ke, charcoal, 
and artificial gas made? (VI:l95, X:204, XII:676-7). 
Each student will partici pa t e in this activity. 
• 
• 
• 
* 
b. List the stat e s which make up the large st mining 
section of the Unit ed States. What per cent of the 
world's coal is mined in the United States? State 
that in another way. (VIII:372-3, VII:501). 
c. Describe the appearance of peat, anthracite, 
bituminous, and coke. (X:203-6, XII:676-7). 
10. Draw an outline map of the United States including states, 
their capital citi e s, and shading in the coal mining areas. 
(VIII:372). 
** 11. Give a very bri e f story telling about the present day 
belief of how crude oil was formed. (VIII:317-21, XII:554-5). 
a. What ' does the inside of the oil well look like? 
* 
** 
teacher. 
What comes out first when a well is drilled? (VII: 503, 
IX:223, V1II:320-21, XII:682-3) • 
b. What makes the crude oil shoot out of the well? 
What does the crude oil look like? (IX:223, XII:682-3, 
X: 206-7) • 
c. List the oil bearing districts in the United States. 
V\'hat states make up each district? (VIII:378). 
d. About what per cent of the world's known supply o:f 
petroleum does the United states have? What per cent 
of the world's supply does the United States produe-e? 
(VIII:377, VII:504). 
e. What major fuels are made from crude oil or 
· petroleum? What methods are used to get these fuels 
from petroleum? (IX:219-22, X:206, XII:684-5) • 
Each student will participate in this activity. 
Topics to be investigated by pupils selected by the 
• 
e. 
22. What. fuels can be used in the home? (VI:l94-5, X:204). 
a. What is the common name for cooking gas? Why 
is it bett er to use than wood? Why is oil a good 
cooking fuel? Why is coal better to use than wood, 
peat, or coke? (VI:l94-5, X:204, X:213-14). 
b. What happens to most of the heat when an old-
type fireplace is used? What does the new-type 
fireplace look like? How does it heat a room? 
(XI:286, XI:268-70). 
** 23. What heating systems are commonly used today? 
a. How does a hot air furnace system work? How does 
the warm air vent heat a room by convect ion? Explain 
how a stove or radiator sets up the three kinds of 
heating currents. (I:lll, X:209-ll, XI:261-70, XI:286..;9) • 
b. What are some of t:he major differences between the 
·steam heating system and the hot wat er heating system? 
(XI:290-93). 
e. What does the word thermostat mean? How does a 
thermostat work? How is heating oil used in an oil 
burner? What are some advantages of the automatic 
coal stoker? (X: 210-15). 
* 4 2 • Draw a line graph or bar graph showing the approximate 
amount of fuel used in your home from October through March. 
~'l-25. Compute the cost of the fuel used each month and then 
find the total cost for the six months. 
* 26. Draw a diagram of your heating system at home. (If you 
* Each student will participate in this activity. 
**Topics to be investigated by pupils selected by the 
teacher. 
* 
extinguisher works. (X:217-24). 
b. How can we conserve coal? Explain two or three 
ways the mining companies are trying to conserve coal. 
1Nhy are more diesel engines being used instead of coal 
burning locomotives? (VII:50l-3, VIII:374-6, XII:677-80). 
c. What change was made in the oil well drilling to 
conserve crude oil? How is natural gas being conserved 
now? What process is used to get more oil from the 
wells using gas? What is the name of the new method 
of getting more gasoline from an amount of crude oil? 
(VIII:380-83, XII:683-5). 
d. What government organization protects our valuable 
forests? What are some of their duties toward 
conservation? How can we help them? (VI:298-30l, 
III:308-16, XII:702-6, VII:489-93). 
e. How can we conserve heat and fuel in our homes? 
What is meant by insulation?, What are some common 
insulators? (XI:293-5). 
31. Draw a colored poster or cartoon showing carelessness 
in fire prevention (X: 217) ; or showing a method of heat and fuel 
conservation. 
* 32. Take part in the final program to be decided by the 
students. 
* Each student will participate in this activity. 
Public Opiniori Poll 
Directions: Draw a circle around the letter "Y" if you say yes; 
or draw a circle around the letter "N" if you say no. 
1. Was the final test too easy? (Y or N) 
2. would you rather have everyone using the same textbook 
instead of using many reference books? (Y or N) 
3. Does the plan give everyone a chance to · learn and do 
things? (Y or N) 
4. were the assignments listed as optional interesting 
and challenging? 
Does this plan make use of much direct copying? 
was there much memorization in this unit? 
Could you understand every question in the tests? 
were there lots of chances for oral recitations? 
(Y or N) 
(Y or N) 
(Y or N) 
(Y or N) 
(Y or N) 
5. 
6. 
7. 
8. 
9. Could you understand most of the material? (Y or N) 
10. 
unit? 
Do you feel as though you actually helped to plan the 
(Y or N) 
11. Did the "study guide" help to save your time for 
study? (Y or N) 
12. Were enough tests given in this plan of learning? (Y or N) 
13. Do you work faster and more accurately when you work 
alone? (Y or N) 
14. Was too :··much responsibility placed upon you without 
the teacher's help? (Y or N) 
15. Were the direct ions for study clear and helpful? (Y or N) 
16. was there too much written work? (Y or N) 
17. Do you feel that you have gained interest in (Y or N) 
"' - topics studied in the unit? 
18. Do you feel that you have gained interest about some 
topic of current event a? (Y or N) 
19. What did you like the most about this plan? 
20. What did you dislike the most about this plan? 
21. What did you find to be the most difficult part of this 
unit? 
XI. Beauchamp, Wilbur L., Mayfield, John C., and West, Joe 
Young, Science Problems. Book II. New York: Scott, 
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